In an infectious disease outbreak, rapid and highly specific identification of putative pathogens is necessary to eliminate confusion with nonpathogenic but closely related organisms. Rapid diagnostic protocols have been developed previously based on real-time PCR amplification of nucleotide sequences unique to various organisms (3) . This approach requires development of highly specific oligonucleotide primers for bacteria such as Yersinia pestis, the causative agent of bubonic plague. Strains of Y. pestis have been classified into three biovars, Y. pestis bv. antiqua, Y. pestis bv. mediaevalis, and Y. pestis bv. orientalis, based on biochemical tests. Y. pestis is considered a recently emerged clone that arose from Yersinia pseudotuberculosis 1,500 to 20,000 years ago (1); Y. pestis bv. orientalis is considered the most recently emerged biovar (5) , and it includes all of the strains isolated so far in the United States. Y. pseudotuberculosis, an enteric pathogen, exhibits more than 90% DNA-DNA homology with Y. pestis and is commonly found in environmental samples (4) . Therefore, large stretches of nucleotide similarity make many candidate sequences unsuitable for Y. pestis identification, as they create false-positive amplification products with Y. pseudotuberculosis.
Genomic plasticity in many bacteria (including Y. pestis) results from large genomic differences, which are assumed to have arisen from the lateral gene transfer events that commonly originate from mobile genetic elements, such as transposons or insertion elements, or bacteriophage integration (13, 15 ; L. Radnedge, unpublished data). Suppression subtractive hybridization (SSH) identifies regions of DNA present in one species, designated the tester (e.g., Y. pestis), but absent in another species, designated the driver (e.g., Y. pseudotuberculosis) (6) . SSH has the advantage of requiring only small amounts of genomic DNA, is applicable to any genome (even an uncharacterized genome), and identifies the large genomic differences typically found between bacterial genomes.
Here we describe identification of seven difference products specific to Y. pestis, four of which map to a 41.7-kb region that is flanked by two 31-bp direct repeats. Four primer pairs were designed from this region, and one of these primer pairs amplified a PCR product from all of the Y. pestis DNAs tested. All four primer pairs were absent from Y. pseudotuberculosis, failed to cross-react with a collection of DNAs from bacterial, viral, and mammalian sources, and thus are highly specific for the target organism, Y. pestis.
Isolation of nucleotide sequences specific to Y. pestis. DNA sequences unique to Y. pestis were identified by SSH by using Y. pestis as the tester and Y. pseudotuberculosis ATCC 29833 as the driver (Table 1) . DNAs from clones containing putative tester-specific difference products were purified (16) and sequenced, and the resulting data were analyzed by using ABI Sequencing Analysis software (version 3.2) and then assembled and edited by using Phred, Phrap, and Consed 7.0 (7, 8) . Oligonucleotide primers (Table 1) were designed by using the putative tester-specific sequences and had melting temperatures of more than 60°C. To determine whether a primer pair was tester specific, 75 pg of the tester DNA (Y. pestis DNA) and 75 pg of the driver DNA (Y. pseudotuberculosis DNA) were used as templates in PCRs (94°C for 15 s, 65°C for 15 s, and 72°C for 30 s for 27 cycles). If a PCR product was amplified from the tester DNA and not from the driver DNA, the sequence was designated tester specific. A positive control experiment to test the integrity of the genomic DNA template was performed by using primers specific for a region of the 23S rRNA gene.
An initial BLAST sequence analysis (2) demonstrated that 35 of 81 of the difference products exhibited similarity to plasmids unique to Y. pestis (11) (data not shown). These sequences were discarded since ideal diagnostic oligonucleotide primers should anneal to chromosomal DNA sequences, thus circumventing the variability in plasmid profiles among strains of Y. pestis (10) . Of the remaining 46 chromosomal difference products, 39 were not tester specific and were discarded. Seven chromosomal difference products were found to be tester specific and were mapped to the genome sequence of Y. pestis CO92 (http://www.sanger.ac.uk/Projects/Y_pestis) ( Table 1) . Four of the seven tester-specific difference products mapped to a single large difference region within 19 kb of each other on the Y. pestis CO92 genome.
Characterization of the large difference region. In order to determine the boundaries of the large difference region present in Y. pestis, the sequence of this region was compared to preliminary genome sequence data for Y. pseudotuberculosis IP32953 (http://bbrp.llnl.gov/bbrp/bin/y.pseudotuberculosis _blast). A 60-kb nucleotide region from Y. pestis CO92 containing the four difference products was searched against the IP32953 database, and regions of significant similarity are shown in Fig. 1 . BLAST analysis of this region revealed localized sequence similarity to two copies of IS285, one copy of IS1541, and one copy of IS100, insertion elements commonly found in Yersinia species (9, 14) . The remaining nucleotide similarities between the two species were limited to sequences flanking the 41.7-kb region absent from Y. pseudotuberculosis IP32953 that contains the four difference products (Fig. 1) . The presence of two 31-bp direct repeats in Y. pestis CO92 was also noted and appeared to correlate with the discontinuation of sequence similarity in the two species; this 31 bp region occurs only once in the Y. pseudotuberculosis genome. Two oligonucleotide primers designed to span the putative junction of the deletion generated the 223-bp amplification product from all Y. pseudotuberculosis DNAs tested that would be predicted if a single direct repeat were present (Table 2; Fig. 2 ). It is possible that the 41.7-kb region was inserted into the Y. pseudotuberculosis genome by integration of a prophage sequence containing a copy of the 31-bp sequence and that this occurred early in the evolution of Y. pestis from Y. pseudotuberculosis.
Open reading frame (ORF) analysis of the large difference region revealed 34 putative ORFs, which were searched against the nonredundant GenBank database by using ORF Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html). Similarities to four insertion elements, nine novel ORFs, and 28 putative ORFs that appeared to be of phage origin were noted (http://bbrp.llnl.gov/html/YPspc.html). Even within this region there is evidence of previous DNA insertions; two ORFs interrupt the bglH homolog, and IS285 interrupts the terminase of phage BP-933W. Many homologs of genes in the cryptic prophages of Escherichia coli O157:H7 were noted (15) . The GϩC content of the large difference region (47.2%) was not significantly different from that of Y. pestis CO92 (47.6%).
The three remaining difference products map to different locations on the Y. pestis CO92 genome. BLAST analysis of difference product 1 revealed no similarity to previously characterized sequences, while difference product 2 exhibited weak similarity to a family of probable translation inhibitors. BLASTX analysis of difference product 4 against the nonredundant database revealed 80% identity to intB prophage P4 integrase, which has been implicated in the mobility of restriction-modification systems of the Enterobacteriaceae (12). Design and validation of species-specific oligonucleotide probes. Unambiguous pathogen identification requires diagnostic primers that are extremely specific and do not crossreact with close relatives or DNAs that might be present in environmental samples. In order to determine the suitability of the four primer pairs from the large difference region as diagnostic probes, they were validated in PCRs by using DNAs from a wide collection of bacterial, viral, and mammalian sources. The collection included bacteria and viruses whose disease manifestations are similar to the disease manifestations of bubonic plague or that represent potential contamination of reservoirs of the disease. The DNA collection tested comprised Y. pseudotuberculosis, Yersinia enterocolitica, Bacillus cereus, Bacillus subtilis, Bacillus thuringiensis, Staphylococcus aureus, Listeria monocytogenes, Haemophilus influenzae, Pseudomonas aeruginosa, Salmonella enterica serovar Typhimurium, Streptococcus pneumoniae, Borrelia burgdorferi, Burkholderia pseudomallei, Escherichia coli, influenza A virus (H3, H7), influenza B virus, respiratory syncytial virus, adenovirus, poliovirus, Drosophila, cow, rat, dog, rabbit, pig, chicken, and human DNAs. Each primer set produced a single amplification product when Y. pestis DNA was used as the template, and no products were amplified with any other nucleic acid (data not shown). No primers matched nonspecific target sites when the sequences were checked against the GenBank nonredundant DNA database.
The presence of each difference product was visualized on a 1% agarose gel (Fig. 2) and was verified with a collection of natural isolates of Y. pestis representing all three biovars (Table 2). All four primer pairs amplified products from all of the Y. pestis bv. orientalis strains tested, and one primer pair (primer pair 3a) amplified products from all of the strains tested. The four strains that did not yield a PCR product with all four primers (strains Pestoides A to Pestoides D) ( sulting in PCR failure. It is also feasible that the sizes of the difference region are different in these strains. However, no PCR product was obtained with the oligonucleotide primers designed to span the putative deletion point (JS primers), indicating that an insertion of sufficient size to prevent amplification was present ( Table 2 ). The size and organization of the large difference region in strains Pestoides A to Pestoides D remain to be determined. Future work will determine the role of this 41.7-kb difference region in the pathogenicity and survival of Y. pestis.
Summary.We identified a 41.7-kb region of the Y. pestis genome that is absent in Y. pseudotuberculosis. This region exhibits similarity to putative phage genes, many of which are found in E. coli O157:H7. Primer pairs designed by using this region are highly specific for Y. pestis, and primer pair 3a amplifies PCR products from all biovars. None of the primers produced false positives for near neighbors, an important criterion for unambiguous identification. Our experiments show that SSH is a cost-effective approach for targeting unique DNA that can be used for highly specific bacterial identification.
Nucleotide sequence accession numbers.The nucleotide sequences of the seven tester-specific difference products have been deposited in the GenBank database under accession no. AF350073 to AF350079.
